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Foreword 

This Ethiopian Standard has been prepared under the direction of the Technical Committee for Milk and Milk 

Products (TC 25) and published by the Ethiopian Standards Agency (ESA). The standard is identical with ISO 11866 

:2005 Milk and milk products — Enumeration of presumptive Escherichia coli — Part 1 : Most probable number 

technique using 4-methylumbelliferyl-.-D-glucuronide (MUG) published by the International Organization for Standardization 

,ISO 2005. 

For the purpose of this Ethiopian Standard, the adopted text shall be modified as follows. 



• The phrase "International Standard" shall be read as "Ethiopian Standard"; and 

• A full stop (.) shall substitute comma (,) as decimal marker. 
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Milk and milk products — Enumeration of presumptive 
Escherichia coli — 

Parti: 

Most probable number technique using 4-methylumbelliferyl- 

y#-D-glucuronide (MUG) 



1 Scope 

This part of ISO 1 18661 IDF 170 specifies a combined method for the enumeration of presumptive Escherichia 
coli and of presumptive coliforms by means of a culture technique involving a liquid medium with MUG, and 
calculation of the number of presumptive Escherichia coli and/or coliforms per gram or per millilitre by the 
most probable number (MPN) technique after incubation at 30 °C. 

It is a more rapid method than that described in ISO 7251 as the incubation time is reduced (omission of 
several enrichment steps). 

The method is applicable to 

— milk, liquid milk products, 

— dried milk, dried sweet whey, dried buttermilk, lactose, 

— acid casein, lactic casein and rennet casein, 

— caseinate and dried acid whey, 

— cheese and processed cheese, 

— butter, 

— frozen milk products (including edible ices), and 

— custard, desserts and cream. 

The method specified in this part of ISO 118661 IDF 170 is preferred for samples in which comparatively low 
numbers of presumptive Escherichia coli and/or other presumptive coliforms (less than 100 per gram or 10 per 
millilitre) are suspected. 

CAUTION — The applicability of this part of ISO 118661 IDF 170 is limited by the susceptibility of the 
method to a large degree of variability. The method should, therefore, be applied and the results 
interpreted in the light of the information given in Clause 12. 

NOTE The methods described in ISO 4831 apply for the enumeration of coliforms for reference purposes. 
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2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 7218, Microbiology of food and animal feeding stuffs — General requirements and guidance for 
microbiological examinations 

ISO 8261 1 IDF 122, Milk and milk products — General guidance for the preparation of test samples, initial 
suspensions and decimal dilutions for microbiological examination 



3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 

presumptive Escherichia coli 

bacteria which at 30 °C cleave 4-methylumbelliferyl-/?-D-glucuronide (MUG), with the production of 
fluorescence, and which produce indole from tryptophan, under the conditions specified in this part of 
ISO 11 866 1 IDF 170 

3.2 
conforms 

bacteria which at 30 °C cause fermentation of lactose with the production of gas under the conditions 
specified in this part of ISO 1 1 866 1 IDF 1 70 



4 Principle 

4.1 Three tubes of double-strength liquid selective enrichment medium are inoculated with a specified 
quantity of test sample if the initial product is liquid, or with a specified quantity of the initial suspension in the 
case of other products. 

4.2 Three tubes of single-strength liquid selective enrichment medium are inoculated with a specified 
quantity of test sample if the initial product is liquid, or with a specified quantity of the initial suspension in the 
case of other products. 

Then, under the same conditions, the single-strength medium is inoculated with specified quantities of decimal 
dilutions of the test sample or of the initial suspension. 

4.3 The tubes of double- and single-strength medium are incubated at 30 °C for 24 h to 48 h. 

4.4 Those tubes showing fluorescence and formation of indole are identified as being positive for 
presumptive Escherichia coli. 

4.5 Those tubes showing gas formation are identified as being positive for presumptive coliforms. 

4.6 The MPN index is determined from the numbers of positive tubes (4.4) of selected dilutions by means of 
an MPN table (Annex A) and the most probable number (MPN) of presumptive Escherichia coli per gram or 
per millilitre of the original sample is calculated. 

4.7 The MPN index is determined from the numbers of positive tubes (4.5) of selected dilutions by means of 
an MPN table (Annex A) and the most probable number (MPN) of coliforms per gram or per millilitre of the 
original sample is calculated. 
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5 Dilution fluid, culture media and reagents 

5.1 General 

For current laboratory practice, see ISO 7218 and ISO 8261 1 IDF 122. 

If the prepared culture media and reagents are not used immediately, they shall, unless otherwise stated, be 
stored in the dark at a temperature between °C and +5 °C for no longer than 1 month, under conditions 
which do not produce any change in their composition. 

5.2 Dilution fluid 

See ISO 8261 1 IDF 122. 

5.3 Culture media 

5.3.1 Modified lauryl sulfate tryptose broth (selective enrichment medium) 
5.3.1.1 Composition 





a) 


b) 




Double-strength medium 


Single-strength medium 


Tryptose 


40,0 g 


20,0 g 


Lactose 


10,0 g 


5,0 g 


Dipotassium hydrogen phosphate (K 2 HP0 4 ) 


5,5 g 


2,75 g 


Potassium dihydrogen phosphate (KH 2 P0 4 ) 


5,5 g 


2,75 g 


Sodium chloride 


10,0 g 


5,0 g 


Sodium lauryl sulfate [CH 3 (CH 2 ) 11 OS0 3 Na] 


0,2 g 


0,1 g 


4-Methylumbelliferyl-/?-D-glucuronide (MUG) 


0,2 g 


0,1 g 


Tryptophan 


2,0 g 


1,0g 


Water 


1 000 ml 


1 000 ml 



5.3.1.2 Preparation 

Dissolve the components or the dehydrated complete medium in the water, by heating if necessary. 

Adjust the pH, if necessary, so that after sterilization it is 6,8 at 25 °C. 

Transfer the media in quantities of 10 ml to tubes of dimensions 16 mm x 160 mm (6.2) containing inverted 
Durham tubes (6.3) in the case of single-strength medium, and to test tubes of dimensions 20 mm x 200 mm 
(6.2) containing inverted Durham tubes (6.3) in the case of the double-strength medium. 

Sterilize for 15 min in the autoclave (6.1) set at 121 °C. 

The inverted Durham tubes shall not contain air bubbles after sterilization. 
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5.4 Indole reagent (Kovacs reagent) 
5.4.1 Composition 



4-Dimethylaminobenzaldehyde 5,0 g 

2-Methylbutan-1-ol or pentan-1-ol 75,0 ml 

Hydrochloric acid (p 2Q = 1,18 g/ml to 1,19 g/ml 25,0 ml 



5.4.2 Preparation 

Dissolve the 4-dimethylaminobenzaldehyde in the alcohol by heating gently to between 50 °C and 55 °C by 
means of the water bath (6.5). 

Cool and add the hydrochloric acid. 

Protect from light and store at approximately 4 °C. The colour of the reagent shall be light yellow to light brown. 

5.5 Sodium hydroxide solution, c(NaOH) « 0,5 mol/l. 

5.5.1 Composition 



Sodium hydroxide 2 g 

Water 100 ml 



5.5.2 Preparation 

Dissolve the sodium hydroxide in the water. 

6 Apparatus and glassware 

For general requirements, see ISO 7218 and ISO 8261 1 IDF 122. Glassware shall be resistant to repeated 
sterilization. 

Usual microbiological laboratory apparatus and, in particular, the following. 

6.1 Autoclave, capable of operating at 121 °C ± 1 °C. 
For details, see ISO 7218. 

6.2 Test tubes, of dimensions approximately 16 mm x 160 mm and 20 mm x 200 mm, or flasks or bottles 
of suitable capacity. 

Test tubes should be checked for absence of autofluorescence before being used. 

6.3 Durham tubes, of a size suitable for use in the test tubes (6.2). 

6.4 Incubator, capable of maintaining a temperature of 30 °C ± 1 °C at all points within it. 

6.5 Water bath, capable of operating at between 50 °C and 55 °C. 
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6.6 Long-wave ultraviolet (UV) lamp, of wavelength between 360 nm and 366 nm, preferably in a UV 
cabinet or in a dark room, or covered by a box or a carton which provides dark conditions. 

NOTE Short-wave UV (germicidal) lamps are unsatisfactory. 

6.7 pH-meter, accurate to within ± 0,1 pH units at 25 °C. 

6.8 Total-delivery pipettes, with nominal capacities of 1 ml and 10 ml. 

6.9 Vortex mixer 



7 Sampling 

A representative sample should have been sent to the laboratory. It should not have been damaged or 
changed during transport or storage. 

Sampling is not part of the method specified in this part of ISO 11 866 1 IDF 170. A recommended sampling 
method is given in ISO 707 1 IDF 50. 



8 Preparation of test sample 

Prepare the test sample according to the method given in ISO 8261 1 IDF 122. 

9 Procedure 

9.1 Test portion, initial suspension and further dilutions 

Prepare the test portion, initial suspension (primary dilution) and further decimal dilutions according to the 
method given in ISO 8261 1 IDF 122. 

Prepare a sufficient number of dilutions to ensure that all tubes for the final dilution will yield a negative result. 

9.2 Inoculation of selective enrichment medium 

9.2.1 Take three tubes of double-strength enrichment medium [5.3.1.1 a)]. Using a sterile pipette (6.8), 
transfer to each of these tubes 10 ml of the test sample if liquid, or 10 ml of the initial suspension (primary 
dilution) in the case of other products. 

9.2.2 Then take three tubes of single-strength enrichment medium [5.3.1.1 b)]. Using a fresh sterile pipette 
(6.8), transfer to each of these tubes 1 ml of the test sample if liquid, or 1 ml of the initial suspension (primary 
dilution) in the case of other products. 

9.2.3 For each of the further dilutions, proceed as specified in 9.2.2. Use a fresh sterile pipette for each 
dilution. 

9.2.4 Carefully mix the inoculum with the medium by means of a mixer (6.9). Avoid the introduction of air 
into the Durham tubes (6.3). 

9.3 Incubation 

Incubate all inoculated tubes (from 9.2.1 to 9.2.3) in the incubator (6.4) set at 30 °C for 24 h + 2 h. If, at this 
stage, neither gas formation nor opacity preventing the observation of gas formation is observed, incubate for 
up to 48 h + 2 h. 
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9.4 Confirmatory test for presumptive Escherichia coli 

Perform the confirmatory test for presumptive Escherichia coli on all tubes incubated as in 9.3. 

Add to each of the tubes 0,5 ml of the sodium hydroxide solution (5.5). Examine the tubes for fluorescence 
under a UV lamp (6.6). Add 0,5 ml of the indole reagent (5.4) to the tubes showing fluorescence. Mix well and 
examine after 1 min. 

A red colour in the alcoholic phase indicates the presence of indole (positive tubes). 

9.5 Interpretation 

9.5.1 Test for presumptive Escherichia coli 

Identify those tubes originally inoculated as in 9.2.1 to 9.2.3 which in 9.4 show fluorescence and formation of 
indole as positive for the presence of presumptive Escherichia coli. 

For each dilution, count the number of positive tubes. 

9.5.2 Test for conforms 

Identify those tubes inoculated as in 9.2.1 to 9.2.3 which in 9.3 show production of gas as being positive for 
the presence of presumptive coliforms. 

For each dilution, count the number of positive tubes. 
10 Selection of dilutions 

NOTE The initial suspension (primary dilution) and the test sample are considered as dilutions. 

10.1 For each sample examined, select three consecutive dilutions in accordance with 10.2, 10.3 or 10.4 to 
obtain the MPN index. 

10.2 In the case where only three dilutions were made, use those three dilutions to obtain the MPN index. 

10.3 In the case where more than three dilutions were made, the selection of three of these gives 
combinations with different degrees of probability. This can be expressed in categories as shown in Table A.1 
(Annex A). Explanations of these categories are given in Table A.2 (Annex A). 

10.4 Select the combination of three consecutive dilutions with category 1 to obtain the MPN index; if more 
than one combination with category 1 is obtained, use the one with the highest number of positive tubes. 

If no combination with category 1 is available, use the one with category 2; if more than one combination with 
category 2 is obtained, use the one with the highest number of positive tubes (see Table 1 for examples). 

If no combination with category 2 is available, use the one with category 3; if more than one combination with 
category 3 is obtained, use the one with the highest number of positive tubes (see Table 1 for examples). 



©ESA 



ES ISO 11866-1:2012 



Table 1 — Examples of the selection of positive results for calculating MPN values 



Example 


Number of positive tubes obtained from three incubated tubes 
for the following amounts of sample inoculated per tube a 


MPN b 


Liquid product 10 ml 1ml 10 _1 ml 10 _2 ml 10 _3 ml 
Other products 1g 10" 1 g 10" 2 g 10~ 3 g KHg 


Liquid 
products 

ml- 1 


Other 
products 

g- 1 


1 




3 


3 


2 


1 





1,1 x10 1 


1,1 x 10 2 


2 




3 


3 


3 







2,4 x10 1 


2,4 x 10 2 


3 




2 


2 


1 


1 





7,4 


7,4 x 10 1 


4 




3 


3 











2,4 


2,4 x 10 1 


5 




2 


2 





1 





2,1 x10" 1 


2,1 


a Bold: combination selected. 

b Calculated using the MPN index for three tubes (Table A.1). 



11 Determination, calculation and expression of results 

11.1 Determination of MPN index (see ISO 7218) 

11.1.1 Determine the MPN index of presumptive Escherichia coli from the number of positive tubes (9.5.1) 
from each dilution selected (Clause 10), using Table A.1 (see Annex A). 

11.1.2 Determine the MPN index of presumptive conforms from the number of positive tubes (9.5.2) from 
each dilution selected (Clause 10), using Table A.1 (see Annex A). 

11.2 Calculation of MPN (see ISO 7218) 

Obtain the most probable number of presumptive Escherichia coli and/or conforms per gram or per millilitre of 
product by multiplying the MPN index (1 1.1) by the reciprocal of the lowest dilution selected (i.e. that having 
the highest sample content). 

When the lowest dilution selected corresponds to the tubes prepared with double-strength medium 
(inoculation with 10 ml), first divide the MPN index by 1 0. 

NOTE Dividing the MPN index by 10 is only necessary with liquid products where 10 ml of the test sample are 

transferred to the tube with double-strength medium. In the case of other products, 10 ml of the initial suspension 
containing 1 g of test sample are transferred to the tube with double-strength medium. 

11.3 Expression of results 

Express the result as the most probable number (MPN) of presumptive Escherichia coli or coliforms per 
millilitre (liquid products) or per gram (other products), expressed as a number between 1,0 and 9,9 multiplied 
by the appropriate power of 1 0. 

If the MPN is lower than 0,3 presumptive Escherichia coli or coliforms per millilitre or per gram, and if the 
appropriate procedure for a low number of presumptive Escherichia coli or coliforms was used, express the 
result in the following way: "No presumptive Escherichia coli or coliforms in 1 ml or 1 g of the product". 
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12 Precision 



It is recognized that wide variations in results may occur with the MPN technique. Results obtained with this 
method should therefore be used with caution. Confidence limits are given in Table A.1 (see Annex A). 



1 3 Test report 

The text report shall specify 

— all information necessary for the complete identification of the sample; 

— the sampling method used, if known; 

— the test method used, with reference to this part of ISO 1 1 866 1 IDF 1 70; 

— all operating details not specified in this part of ISO 1 1 866 1 IDF 1 70, or regarded as optional, together with 
details of any incidents may have influenced the test result(s); 

— the test result(s) obtained, indicating clearly the method of expression used. 
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Annex A 

(normative) 

Determination of most probable number 



Table A.1 — MPN indexes and confidence limits 



Number of 
positive results 


MPN index a 


Category b 


Confidence li 
Lower 


nits at 95 % level a - c 
Upper 











<0,30 




0,00 


0,94 








1 


0,30 


3 


0,01 


0,95 





1 





0,30 


2 


0,01 


1,00 





1 


1 


0,61 





0,12 


1,70 





2 





0,62 


3 


0,12 


1,70 





3 





0,94 





0,35 


3,50 










0,36 


1 


0,02 


1,70 







1 


0,72 


2 


0,12 


1,70 







2 


1,1 





0,4 


3,5 




1 





0,74 


1 


0,13 


2,00 




1 


1 


1,1 


3 


0,4 


3,5 




2 





1,1 


2 


0,4 


3,5 




2 


1 


1,5 


3 


0,5 


3,8 




3 





1,6 


3 


0,5 


3,8 


2 








0,92 


1 


0,15 


3,50 


2 





1 


1,4 


2 


0,4 


3,5 


2 





2 


2,0 





0,5 


3,8 


2 


1 





1,5 


1 


0,4 


3,8 


2 


1 


1 


2,0 


2 


0,5 


3,8 


2 


1 


2 


2,7 





0,9 


9,4 


2 


2 





2,1 


1 


0,5 


4,0 


2 


2 


1 


2,8 


3 


0,9 


9,4 


2 


2 


2 


3,5 





0,9 


9,4 


2 


3 





2,9 


3 


0,9 


9,4 


2 


3 


1 


3,6 





0,9 


9,4 


3 








2,3 


1 


0,5 


9,4 


3 





1 


3,8 


1 


0,9 


10,4 


3 





2 


6,4 


3 


1,6 


18,1 
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Table A.1 (continued) 



Number of 
positive results 


MPN index a 


Category b 


Confidence limits at 95 % level a c 
Lower Upper 


3 


1 





4,3 


1 


0,9 


18,1 


3 


1 


1 


7,5 


1 


1,7 


19,9 


3 


1 


2 


12 


3 


3 


36 


3 


1 


3 


16 





3 


38 


3 


2 





9,3 


1 


1,8 


36,0 


3 


2 


1 


15 


1 


3 


38 


3 


2 


2 


21 


2 


3 


40 


3 


2 


3 


29 


3 


9 


99 


3 


3 





24 


1 


4 


99 


3 


3 


1 


46 


1 


9 


198 


3 


3 


2 


110 


1 


20 


400 


3 


3 


3 


> 110 








a From Reference [4]. 






b See Table A.2. 






c The confidence limits given in this tabl 


e are meant only to 


provide some idea of the influence of statistical 


variations on results. There will always also be other sources of variation, which may sometimes be even more 


important. 







Table A.2 — Explanation of categories for results 



Category a 


Definition 


1 


When the number of bacteria in the sample is equal to the MPN found, the 
result is one of those that have the greatest chance of being obtained. There 
is only at most 5 % chance of obtaining a result that is less likely than the 
least likely one in this category. 


2 


When the number of bacteria in the sample is equal to the MPN found, the 
result is one of those that have less chance of being obtained than even the 
least likely one in category 1 , but there is only at most 1 % chance of 
obtaining a result that is less likely than the least likely one in this category. 


3 


When the number of bacteria in the sample is equal to the MPN found, the 
result is one of those that have less chance of being obtained than even the 
least likely one in category 2, but there is only at most 0,1 % chance of 
obtaining a result that is less likely than the least likely one in this category. 





When the number of bacteria in the sample is equal to the MPN found, the 
result is one of those that have less chance of being obtained than even the 
least likely one in category 3. There is only a chance of 0,1 % of obtaining a 
result in this category, without anything being wrong. 


a Before starting testing it should be decided which category will be acceptable, i.e. only 1, 1 and 2 
or even 1, 2 and 3. When the decision to be taken on the basis of the results is of great importance, 
only the results of category 1 or at most those of categories 1 and 2 should be accepted. Category 
results should be considered with the greatest caution. 



10 



©ESA 



ES ISO 11866-1:2012 



Bibliography 



[1] ISO 707 1 IDF 50, Milk and milk products — Guidance on sampling 

[2] ISO 4831 , Microbiology of food and animal feeding stuffs — Horizontal method for the detection and 
enumeration of conforms — Most probable number technique 

[3] ISO 7251 :2005, Microbiology of food and animal feeding stuffs — Horizontal method for the detection 
and enumeration of presumptive Escherichia coli — Most probable number technique 

[4] de Man, J.C., Eur. J. Appl. Biotechnol., 17, 1983, pp. 301-305 



©ESA 

11 



Ethiopian Standards 




Organization and Objectives 

The Ethiopian Standards Agency (ESA) is the national standards body^BpKiiopia 
established in 2010 based on regulation No. 1 93/20 10.ESA is estabbjMWue to the 
restructuring of Quality and Standards Authority of Ethiopia (OH K^hich was 
established in 1970. 

ESA 's objectives are:- 



♦ Develop Ethiopian standards and 

check weather goods and 

required standards, 
♦♦♦ Facilitate the country's t 

standards, 
*X* Develop national standards fa 

make them competitive in the i 



The Ethiopian Standards a 
composed of different stak 
institutes, government or: 
organizations, regulatory bod? 
or recommendations containe* 
reflects the interes^pf the TC re] 
the pubJ^ arid oihAsources. Et 
StanJ^^zation Co^Bl and are ke; 
regularly td^He account of 
rs for all Ethi^Bn Standards, 
uding electr^^ version^^jhould 
i" l^fcition T^fl at the Head offic 
ards is also 





a system that enable 
re in compliance with the^ 

gh the use of 

services so as to 



ication, mspt 
tandarcS|re c 



^national techn^B «nmittees which are 

ers"fl^>i st^^^feducation^Bktutions, research 

^tionsT^BiiicteML^inspeoiron, and testing 

onsumer associat ^^1'hc requirements and/ 

;th 

resent; 



Standaral^re consensus based that 

es and also of comments received from 

Standards are approved by the National 

er continuous review after publication and 

scientific and technological changes. 

.ational Standard and ASTM standards, 

addressed to the Documentation and 

d Branch (Liaisons) offices. A catalogue of 

freely and can be accessed in from our 



vright of all its publications. No part of these publications may be 

duced Bwrm without the prior permission in writing of ESA. 

ional Involvement 

resenting^tthiopia, is a member of the International Organization for 

ation (ISO), and Codex Alimentarius Commission (CODEX). It also 

close working relations with the international Electro-technical 

on (IEC) and American Society for Testing and Materials (ASTM).It is a 

member of the African Regional Organization for standardization 



More Information ? 
Contact us at the following address. 

The Head Office of ESA is at Addis Ababa. 

SOU- 646 06 85, Oil- 646 05 65 
A 011-646 08 80 
IS12310 Addis Ababa, Ethiopia 
E-mail: info@ethiostandards. org. 
Website: www.ethiostandards.org 




Standard Mark 



